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1: semiconductor substrate 

2: Si0 2 film 

3: SiN film 

4: Si0 2 film 

6: substrate surface 

9 : undercut etch 

12, 12' : top ends 

13, 13' : final depths 

15, 15' : Si0 2 film 

16, 16 ' : TL of charge 

16": multi-interconnection lead 

17, 17': insulating film 
18: oxide insulating Si0 2 
19: gate electrode 

20: metal film 
21: metal film 
22: Si 2 film 

24: metal-silicon alloy region 
25: buried layer 
26: edge 
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claims 



1 A type of semiconductor memory device characterized by 
the following facts: it has source and drain adjacent to the 
channel forming regions on the bottom of the insulating material 
selectively buried in the semiconductor substrate and the surface 
of the aforementioned semiconductor substrate or its vicinity; on 
the aforementioned regions, a block-like cluster or film layer 
m ade of electroconductive or semiconductor material and wrapped 
by insulating material is formed; and the drain electrode is set 
on the insulating material on the aforementioned regxons. 

2 The semiconductor memory device described m Claim 1 
characterized by the fact that the block-like cluster or film 
layer made of electroconductive or semiconductor material and 
wrapped by insulating material is formed on the upper surface of 
the insulating material buried in the semiconductor substrate; 
the capacitance between the aforementioned layer and the gate 
electrode is larger than the capacitance between the 
aforementioned layer and the substrate. 

3 The semiconductor memory device described in Claim 1 
characterized by the fact that for the block-like cluster or film 
layer made of electroconductive or semiconductor material, the 
lateral periphery is filled with the oxide insulating material of 
this layer. 
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nailed ex^*™tAon of the invention 

This invention concerns a type of semiconductor memory 
device characterized by the following facts: in the insulated 
aate field-effect semiconductor device (referred to as MISFET 
rsic- MOSFET] hereafter) with source (referred to as S hereafter) 
and drain (referred to as D hereafter) set adjacent to the bottom 
portion of an insulating material, in particular, silicon oxide 
(referred to as Si0 2 hereafter) formed in a partially buried form 
by selective oxidation for the upper portion of a semiconductor 
substrate, except the upper-end portion in connection to the 
substrate surface region which can form the channel, a lay«r made 
of a block-like cluster or film made of a semiconductor or 
electroconductive material and wrapped by the insulator is set 
beneath the gate electrode as the charge trapping center on the 
channel forming region, that is, as a trap layer (referred to as 
TL hereafter) . This invention provides a configuration 
characterized by the fact that TL and G are formed over the upper 
surface of the insulating material, in particular, Si0 2 , formed 
by burying on the upper portion of the substrate so as to 
increase the electrostatic capacitance between TL of the MISFET 
and the gate electrode (referred to as G hereafter) formed in the 

gate insulating film. 

The final purpose of this invention is to provide a 
configuration characterized by the following facts: a type of 
double-layer film made of Si0 2 film and a film having the mask 
function against the impurity diffusion and oxidation is formed 
on the prescribed portions of a semiconductor substrate; from the 



aforementioned double-layer film, at least S, D and their leads 
are formed by diffusing and doping the impurity into the 
semiconductor substrate; in addition, depending on the 
requirement, a metal coating is formed on the surface, and only 
the silicon oxide film is partially removed from the side surface 
using a chemical method; then, with the upper end of the 
diffusion layer that perforins sinking/sourcing of the channel 
current left on the surface of the semiconductor, the upper 
surface of S and D as the remaining portion is made in contact 
with the bottom of Si0 2 formed in a burying form by sufficient 
oxidation of the surface of the substrate with no double-layer 

film present on it. 

in the conventional scheme of manufacturing of MISFETs, S, 
D g are the least necessary elements. In addition, when they 
are integrated in a single semiconductor substrate, such as in 
the case of semiconductor memory devices, in addition to the 
aforementioned elements, there are also the so-called channel cut 
for electrical isolation of the adjacent MISFETs and the 
insulating film with a thickness larger than 0.5 w and with a 
small dielectric constant for reducing the stray capacitance 
between the substrate and the leads, in particular, between the 
substrate and the gate lead. 

There are many methods proposed to meet these requirements. 
Among them, the manufacturing method known as the LOCOS method 
developed by Philips Co. is the representative one. This 
invention provides a further development from the aforementioned 
manufacturing method and the configuration determined uniquely by 
the aforementioned manufacturing method. That is, the purpose of 
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this invention is to provide a basic configuration and 
manufacturing method of the nonvolatile i-bit/l-element 
semiconductor memory device. The following is a detailed 
description of it. 

& r r 1 icati Pvample 1 

Figure 1 is a longitudinal cross-sectional view illustrating 
a manufacturing method and configuration of this i-ention As 
semiconductor substrate (1). an n-type (100, no = 5 x 10 -1 
10" cm> was used. The electroconductive type, crystalline 
g eometry. and purity concentration of the substrate may *e 
changed according to the specific purpose of application. 

After the surface of substrate (1) was made sufficiently 
clean, the thermal oxidation method is used to form a Sio, f ilm 
,2, with a thickness in the range of iOO-500 k. Then, on this 
til., a f 11- a mas* function against the impurity diffusion 

and oxide gases, such as a silicon nitride film (referred to as 
SiN film hereafter) or a molybdenum fil* is formed with a 
thicKness in the range of 500-3000 A. It is preferred that the 
810, film and the film forced on it be forced at a temperature 
over 900-c. in particular, in the case when SiN is used, the 
temperature should be selected as high as technically P~««* " 
suppress formation of cracks as the density is increased. When 
the double-layer fil- is forced, in the case of 

i. forced using, a molybdenum etching liquid; in the case of : 8m. 
the 810, f 11- on its upper surface (sic] was formed using the 
reaction between silane and carbon dioxide. By oxide etching, 



the undesired portions of the Si0 2 film were removed, followed by 
removal of the SiN film under it using hot phosphoric acid. 
Then all of the SiO, film was removed. Afterwards, using it as 
a substrate, thermal oxidation was carried out in water vapor or 
wet oxygen at 900-1150-C, forming the configuration shown in 
Figure 1A. The upper surface of Si0 2 (4) formed by oxidation is 
step-etched beforehand by a buffer etching liquid so that this 
upper surface co.es to nearly the same level as that of substrate 
(1) in this case, calculations may be carried out for the case 
of an infinitely flat plate in consideration of the fact that as 
silicon is oxidized, the [obtained silicon oxide] has a thickness 
2-3 tiroes that of the original silicon. 

Then, as shown in Figure IB, a portion of the double-layer 
film is removed chemically to expose the substrate surface as (6) 
for forming the S and D. With this double-layer film and Si0 2 
( 4) used as mask, thermal diffusion is carried out to form S7 and 
D8 in the example shown in the figure, a P -channel MISFET is 
formed. In this case, boron is diffused with a depth of 3-10 M m. 
in this case, the extent of the diffusion layer in the transverse 
direction is nearly equal to the depth of the diffusion layer 
itself in order to form an embedded layer with n'-type channel- 
cut function on the periphery of this p* S7, first of all, a 
window for S7 is opened, followed by diffusion of phosphorus or 
arsenic as the n* layer with a depth in the range of 0.5-3 M m; 
then, after the window for D8 is opened, boron diffusion is 
carried out for both [openings]. In this case, if the substrate 
is of p type or P -ty P e, it is acceptable to form a so-called 
microchannel MISFET (DSA MISFET) configuration. As shown in 
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Figure ID, in the next stage of this invention, undercut etching 
is carried out for the outer periphery of Si0 2 film (2) as the 
insulating film on the lower side of the double-layer film, which 
may be undercut to form an embedded layer (9). The depth of this 
embedded layer is selected slightly smaller than the extent of 
S7 D8 in the transverse direction. For example, suppose the 
extent in the transverse direction is 3 M m, then this depth 
should be selected at about 2 W if the expanse is 5 M », then 
the depth should be selected at about 4 m in the undercut 
etching operation. In this way, D is obtained. Afterwards, the 
overall system is thermally oxidized in water vapor or wet 
oxygen, forming a silicon oxide layer (11) with a thickness in 
the range of 0.5-2 M m on S7 , D8 . In this case, the portion of 
coating (10) formed in undercut etching and having a mask 
function is split and removed. 

As can be seen from Figure IE, the most significant features 
of the configuration of this invention are that SiO, (11) on S7, 
D8 is formed by locally oxidizing substrate (1), and that [it is] 
formed with a sufficiently large depth, except the upper-end 
portion of S7, D8 in connection to the substrate surface region 
that can form the channel. Consequently, it is possible to make 
widths (12), (12') of the upper-end portions of the impurity 
regions in connection to the channel-forming region smaller than 
ultimate depths (13), (13') of S7, D8 . This is the most 
significant feature, and it is different from the so-called LOCOS 
[method], in which the aforementioned dimensions are totally 
equal to each other. Consequently, it is possible to eliminate 
the stray capacitance between the impurity region that forms S7, 



D8 and G, and it is possible to decrease the sheet resistance of 
the impurity region itself. This is the ultimate purpose of this 
invention. It is known that this is the most ideal configuration 
for the case of a semiconductor memory device to be forced m a 
matrix configuration. 

Then, after double-layer films (2), (3) are removed 
chemically and the surface is cleaned sufficiently, the gate 
insulating film, the gate electrode, and the lead are formed. 
That is as seen in F, the surface of semiconductor substrate (1) 
is oxidized with a thickness of 15-2000 A by introducing a 
mixture of dry oxygen, wet oxygen, carbon dioxide, or nitrogen 
peroxide and a hydrogen carrier gas into the furnace. The- 
oxidation temperature may be set in the range of 950-1100-0. On 
the other hand, when the substrate is oxidized in oxygen at a 
temperature in the range of 600-700-C for forming very thin 
films, the Si0 2 film (15) formed with a thickness of 15-40 A has 
many surface energy levels, and hence this method is not 
preferred. Instead, it is preferable to form this type of thin 
film in a reaction oven with a flow of carbon dioxide or nitrogen 
peroxide diluted with a hydrogen or nitrogen carrier gas. In 
this case, the oxidation temperature is about 1000'C, and it is 
thus possible to form a so-called "hard" oxide film. 

in addition, according to this invention, a layer made of 
the block-like cluster or film made of semiconductor or metal 
(conductor) is formed as the charge TL (16). In the example 
shown in the figure, [a film of] silicon semiconductor with a 
thickness of 200-10000 A is deposited using the silane pyrolysis 
method. The block-like cluster may be formed in the same way, 



but the average film thickness is smaller than 200 A, and its 
size depends on the synthesis stripes [sic; formation 
conditions]. Observation by electron microscopy indicates that 
there are various types of particles, ranging from micron-sized 
particles with diameter of several tens of A to semi-spherical 
particles with diameter about 2000 A. In any case, it is 
possible to define the block-like cluster (referred to as cluster 
hereafter) as having a configuration made of a group of particles 
electrically isolated from each other as in a stage before 
formation of a film. In the case when semiconductor material is 
used either silicon or germanium doped with either p- or n-type 
impurity may be used. In the case when metal is used, the- main 
materials include aluminum, molybdenum, tantalum, titanium, 
beryllium, etc. The metal may be formed either by CVD from 
chloride or using a vacuum evaporation method or a sputtering 
method. In the case when a film wrapped with insulating material 
is used, the mean film thickness should be larger than 300 A. 
When the thickness of the film is over 1000 A, it is defined as a 
thick film. 

After the TL is formed, an insulating film (17) is formed on 
its upper surface. It may be made of silicon nitride, aluminum 
oxide, or tantalum oxide. It is preferred that the insulating 
film have a high dielectric constant. 

in the case when film (17) is made of SiN and TL (16) is 
made of silicon, after what is shown in Figure IF is obtained, 
all are oxidized again in water vapor or wet oxygen. In this 
way, the unwanted portion that does not form TL (16) is oxidized, 
and is used as oxide insulating material Si0 2 (18) of the 
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material that forms the TL, on the periphery of TL, as can be 
: n r« U) o. on the other hand, tor the case when . material 
o r than silicon is used to fox- the TL which does no or. a 
stable oxide instating material, the peripheral portion of TL 
.20) be removed chemically using an etching liquid. 
( As shown in Figure !G, gate electrode (19) is forced. In 
the case when S7 and D6 are parallel to the X-axis, 61» is 
parallel to the Y-axis. As can be seen from Figure 1G. there are 
ures for the configuration of this invention Firs in 
order to ensure that the electrostatic capacitance between TL 
U^ and G (19) is significantly larger than the electrostatic 

c Ice between TL «», and substrate ,1, TL «1M is formed 
on the upper surface of the insulating material embedded in the 
^bstrate on the upper side of S7 and OS. Second the widths of 

, e n2 > (12') of S7 and D8 are rather small, and 
upper ends (12), (12 > diffusi on layers 

compared with them, depths (13), <i-» ) 

that form the S and 0 are much larger. SmaU uppe end 2 

. , B ThPtt is if upper end (12) ot is 

iiim solve two problems. Tnat is, n 

r, S may become eguipotential with the substrate; hence the 
rnied electrostatic capacitance -ween substrate <1 and L 
,16) is large. On the other hand, if upper end (12 ) of D8 is 

re the capacitive coupling between D and G is increased, and 
9 perational characteristics of the MISFET are degraded. Due 
to the aforementioned features, for this invention, as shown in 
figure ID, after S7 and DS are formed by diffusion, undercut 
e oh g i «rried out with respect to the masK for forming the 
Tate region. It is also acceptable to use a photoetchin, method 
To emove the portion to be oxidized in the next oxidation stage 



rsic] instead of the aforementioned method. However, in this 
case, the mask alignment should be carried out with a very high 

precision. 

Figure 2A shows the electrical equivalent circuit of Figure 
,G That is, S7 and D8 are formed on substrate (1), with 
capacitor C2 formed between substrate (1) and TL (16), and with 
capacitor Cl formed between TL (1*1 and G (1 9). For this 
configuration, in Figure 2B, the abscissa shows Cl / C2 as well 
as the value of cl when C2 is 5 pF, while the ordinate shows the 
voltage applied to C2 as the total gate voltage. It can be seen 
from this figure that voltage Vg of G is equally divided when Cl 
= C2 and it is increased [sic; and the division is shifted] 
slightly when Cl / C2 > 1. For example, when Cl / C2 is 3, 75% 
of V, is applied as V2. This indicates that when Cl is increased 
while C2 is decreased, a lower Vg is sufficient to yield a value 
for V2 as needed to form an electric field for injecting charge 
from the substrate into the TL. In other words, in this case, in 
it possible to reduce the external electrical field needed for 
driving the semiconductor memory device. However, when the 
thicKness of the insulating film used to form C2 is increased in 
order to decrease C2, the time for injection of carriers into the 
TL is prolonged, and the response speed is decreased, 
consequently, it is preferred that C2 be made of (an insulating 
layer) with a low dielectric constant and a small thicKness, 
while Cl be made of (an insulating film) with a high dielectric 
constant and an increased area as needed to realized the desired 
value of C. For the practical application, Cl / C2 should be in 
the range of 2-4 . 
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ftp plicai -ion Example 2 

Figure 3 is a longitudinal cross-sectional view of this 
application example. It is similar to Figure 2. However, in 
order to further reduce the resistance of S7 and D8, a portion xs 
made of double-layer film with metal compound or metal. 

Figure 2A depicts a manufacturing stage corresponding 
to that illustrated in Figure ID. That is, in order to form 
n-channel MISFET, p-type substrate (1) is used. In addition, for 
formation of hot carriers in avalanche at a low voltage and 
injection of the charge into TL, in this application example, at 
the same time when voltage Vg is applied to the gate, an embedded 
layer (25) with the same electroconductive type as that of the 
substrate is formed in 87. The reason is to reduce the absolute 
value of the applied voltage needed for formation of the carriers 
in the case when hot carriers are formed using junction avalanche 
or conductance avalanche with a reverse bias applied between the 
substrate or D8 and S7 in the case when the impurity 
concentration of substrate (1) is, say, 1 x 10» cm" 3 . For this 
purpose, the embedded layer is formed with the same 
electroconductive type as that of the substrate and with an 
impurity concentration one or more orders of magnitude higher 
than that of the substrate, such as in the range of 1 x 10 -1 x 
10" cm 3 As can be seen from this application example, when the 
embedded layer is to be formed, it is formed on the periphery of 
S7 as shown in the figure, and S7 and D8 for signal readout are 
used in principle as D7, S8 in the case of writing. 
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Then, in order to reduce the resistance of S7, D8, a natal 
film (20) with a thickness of 0.05-0.5 is formed using a 
vacuum evaporation method, CVD method, or sputtering method. 
Examples of the materials that may be used include aluminum, 
titanium, tantallum, beryllium, chromium, etc. For the material 
used it is important to have the following properties: ability 
of formation of an alloy with silicon in the substrate, a small 
diffusion coefficient in the substrate silicon, ease °* 
oxidation, the ability of using the oxide film as an — ^ 
mm with protective effect against alXali ions and no reaction 
with coating (3). In consideration of these required properties, 
moiybdenum and tungsten, which are difficult to oxidize, are not 
appropriate. In addition, gold and platinum are also not 
preferred as their diffusion coefficients in silicon, SlN, and 
Si0 2 are high. 

Then, as shown in Figure IB, metal film (21) is heated in 
hydrogen or inert gas to form an alloy between (2!) and the 
substrate silicon, followed by removal of the components of the 
coating that cannot form the alloy and the metal film on coating 
(3) using a chemical method, forming B (sic; forming the 
configuration shown in Figure IB] . 

Figure 3C corresponds to Figure IE. In both cases, 
oxidation is carried out in water vapor or wet oxygen at 
temperature in the range of 950-U50-C. Of course this 
oxidation may also be carried out by anodization using a solution 
prepared by adding about 10% of nitric acid as solute into 
tetrahydrofluhil (sic; tetrahydrof luoro) alcohol as the solvent. 
I„ the case of anodization, as SiN is used as coating (3), it may 
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aXso be oxidized to SiO,. Consequently, the chemical formation 
voltage s h o Ul d be made low enough so that there is no oxidation 

° £ '"/explained -ve, SiO, film (22, i- ««-• -eve, a 
portion or all of it may contain a metal oxide film (23, , -h as 

^f,ni a bervllia, or tantalum oxide. In the 
alumxna, titama, berylli < paction with oxygen takes 

^nfiauration shown in the figure, tne «a 

" on the surface of the base. However, if oxygen is made to 
diffuse to the reaction surface, the metal oxide can also be 
dispersed uniformly in film <«)• <»> ^ «» -tal-Silicon 

aUOY ;s e ::r;e seen from the figure, in order to carry undercut 
. - ( q\ sufficiently in A, expanse (12) of the upper-end 

- be mad e .^i-^ r de P t h 

,13, of S7, D8. As can be seen from (26), end (26) of siO, 

led i oxidation of the substrate has an arc shape; when TL 
U^ln 0 is forced, or when 0 US, is forced, breaKage of the 
film at this portion is less probable. 

As can be seen from D, in this case, coatings (2) , (3) are 
removed, forming insulating film (IS). TL insulating film 

'">, aid G (13). msulating films (15). (17, are made of 

con oxide and silicon nitride, respectively. However. (15, 
Ino (17) may also be made o, multi-layer films with different 
types of insulating layers. 
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Ap plicat ion Example 3 

Figure 4 is a longitudinal cross-sectional view of this 
application example. In this application example, a number of 
MlSFETs are formed on a single substrate. In the basic 
configuration shown in the figure, MISFET 01 and channel cut Q2 

are represented. 

In Figure (4]A, the configuration is similar to that in 
Figure 1G. That is, S7, T. D8 are formed on substrate (1); in 
the upper portion, substrate (1) is oxidized, forming an 
ellipticany shaped insulating material, such as silicon oxide 
* In addition, insulating film ,15, . TL ,16,, and insu ating 

film (17) are formed between S7 and D8 and are in close contact 

r\€ Qnhstrate (1), forming an MISFET Ql. 
with the surface or suDstrave \->-i i ^ 

SimiUrly, insulating film (15'). TL (16'). and insulating film 
(17 .) are formed between it and the adjacent MISFET. The 
periphery of TL (16', is isolated sufficiently from the upper end 
of 87'. PS- TL (16, is used as a channel cut. Insulating films 
(15) (is-) shown in the figure are SiO, films formed by heating 
the surface of substrate (1) in a gas mixture of carbon dioxide 
and a carrier gas of hydrogen or nitrogen or, as another method 
in dry oxygen. In both methods, the operation is carried out at 
a temperature in the range of 900-1150-C. The " 
suitaMe for forming a film with a thickness smaller than 500 A, 
such as in the range of 10-100 A, while the latter method is 
appropriate for forming a film with a thickness in the range of 
500-iOOO k. The insulating films may also be made of SiO, and 
SiH [silicon oxide metal,. In any case, when the film thickness 
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is small, it is necessary to have the thickness of TL (16) 
reduced to a similar level so as to reduce strain (sic). The 
smaller the thickness, the shorter the time needed to inject, 
tr .p. and recombine the charge in the TL, and hence the faster 
the response speed. In the case when the thickness of the film 
is larger than 100 A, it is necessary to inject charge into the 
TL by making use of the Zener plasma (ZP) or avalanche plasma 
,AP) in the vicinity of the interface between the substrate and 
the insulating film on the periphery of 87. On the other hand 
in the case when the thickness of insulating film (15, is smaller 
than 100 A, it is able to inject charge from the substrate into 
the TL using only the tunnel or Schottky current. For both this 
case and the case when hot carriers are utilized, the entire base 
material portion including the substrate is heated so as to 
increase the apparent conductivity of insulating film (15) and 
thus to promote injection of charge into the TL. In P"*"" 1 "- 
when the thickness of insulating films (15), (15') is larger than 
100 A, the hot carrier can no longer be used as the source or 
injection of charge into the TL. [Heating of the substrate, is 
ve y effective in injecting charge into the TL (16-). As shown 
in L figure, on the periphery of S7, 7', an embedded layer «) 
is formed using the self-alignment method. In the case when ZP 
or AP is used to form hot carriers in this embedded Xayer, in the 
process of formation of these hot carriers, the region is heated 
by itself and the state is identical to that when external 
heating is carried out. For both the case when internal heating 
is carried out and the case when external heating is carried out, 
i, only the electroconductivity a of the insulating film between 



the charge injecting source and TL i. increased, it i. possible 
to increase the injection rate of charge into the TL. 

More specifically, in the case of implementation, suppose 
! sec is needed for saturation of charge in the TL, then when it 
is heated to 200-C, only 10 msec are sufficient. Figure 5 shows 
an example of the results. This figure illustrates the relation 
between the time needed for injection of charge with a 
Tl !0" cm' fro, the substrate into TL ((15', in this case) using 
only the schottky current and the temperature of the base. It 
can be seen from this figure that for injection of charge into 
the TL for channel cut, it is appropriate to raise the 
temperature of the substrate to the range of 100-300-C. In the 
case when ZP or AP is used to inject charge into the TL, it is 
also possible to reduce the voltage needed for performing ZP or 
AP and to increase the response speed. For example, when the 
temperature of the base is set at room temperature, 100-C. and 
2 oo'c, suppose the substrate impurity depth ^ic; concentrationj 
is 1 x 10" cm-> and the [impurity concentration of) S is 1 x 10 
cm" [the voltages) are 70 V, 40 V, and 22 V, respectively. As 
explained above, by heating a portion or all of the base, it is 
possible to promote injection of carriers from the substrate into 

TL 

in Figure 4A, injection of charge into channel cut (15' ) is 
carried out by raising the temperature for the entire base This 
injection is usually carried out in the case when a film of 
metal, such as aluminum, with a thickness of 0.5-1 ,m is vacuum- 
evaporated on the entire substrate for forming 0 electrode and 
!eads; then, except for the portions of the gate electrode and 



18 



leads, the remaining portion is removed using the photoetching 

" eth °ts Shown in Figure (4)A, two junctions Jl and J2 are formed 
in embedded layer (25). However, in this case, while there is 
little difference in the impurity concentration in J2, it is very 
la rge in Jl. As a result, ZP or AP may take place very easily in 

As the distribution state of the impurity concentration 
becomes different because the formation method of the embedded 
layer is different from that for embedded layer (25, in Figure 
3A this point must be taken into consideration in the design, 
in' the above, the basic configuration and operation principle are 
clarified for channel cut Q2 between MISFET Ql having TL (15) and 
the adjacent MISFET. More MISFETs may be formed in a single 
substrate. By changing the wiring pattern, it is possible to 
perform a variety of functions. 

Different from the configuration shown in Figure 4A, which 
has TL as thin film, Figure 4B shows the thick film portion that 
can be formed at the same time, such as lead (IS") for multi- 
layer wiring. In order to perform wiring with 67. D8 and the 
drain electrode formed in the substrate, before or after 
formation of (16»), holes are formed for connection using the 

photoetching method. 

The figure shows the configuration of DSA MISFET with the 
so-called microchannel formed in it, using an electroconductive 
type different from that of the substrate for embedded layer 
,25, and using the substrate as the drain. For said DSA MISFET, 

«^ ae the s D For injection of charge into TL, 
S7 D8 are used as tne &, u. j ... 

however, [they, must be used as SS. D7. The operation principle 
thus differs from that of the so-called DSA MISFET Isic). In 
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order to read out the charge trapped in the TL, they must be used 
as S7, D8. 

in Figure [4]C, cluster (16) is used instead of thin or 
thick film as the TL. This cluster may be forced naturally with 
SiN (17) formed on its upper side in the for* of the so-called 
natural silicon cluster, or, it may also be formed from 
semiconductor or metal with an average film thickness much 
smaller than that of TL in Figure (4,A using the CVD or vacuum 
evaporation method. In any case, here the cluster (portions are 
isolated electrically from each other; insulating film (15) is 

ormed with a very small thickness ,10-30 A). Although there are 
pin hdes in a portion of the film, it can still store most of 
the charge trapped by TL (15). This is a prominent feature of 
the film. However, in this case, just as in Figures (4)A and B, 
in order to ensure that charge is caught only in the TL located 
near or above Jl even when charge is injected into Jl or TL 
formed in its vicinity using hot carriers; whether the cluster is 
used as the TL or the film is used, it depends on the injection 
method of carriers into the TL and the specific application. As 
shown in the figure, insulating film (») is made thin and only 
tunnel [current) and Schottky current are used in the 
implementation (sic) or elevated-temperature atmosphere, so that 
injection of charge into the TL is carried out. In the case when 
the TL is a cluster, even when the cluster is present above S7, 
D8 there is still no electrical or physical significance. 

in this application example, Ql has TL in the form of 
cluster or film, and it performs a memory function. In the case 
when this type of TL is not formed, it operates as a --entional 
MISFET . in this case, it is possible to reduce the electrostatic 
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capacitive coupling between the drain and the gate electrode in 
the configuration and method of this invention. That is, 
elimination of the feedback caused by the capacitive coupling 
between the input and output of the MISFET is very effective in 
improving [sic; eliminating] noise generation and increasing the 
figure of merit. In particular, in the case when a number of 
semiconductor memory devices are formed on a chip, this method is 
effective in forming the basic configuration of the MISFET used 

for forming the decoder. 

As explained above, this invention provides a configuration 
and manufacturing method of a type of semiconductor memory device 
with TL present in the gate insulating film for nonvolatile 
memory operation. It is believed that this invention is 
particularly useful for the IC or LSI with a number of MISFETs 
arranged in a matrix configuration. 

in addition, in this invention, the substrate refers to a 
semiconductor wafer, and the base refers to the base formed on 
the substrate by forming a coating or by other processing. 

Rrief expi*" at i° n figures 

Figure 1 present a group of longitudinal cross-sectional 
views illustrating the configuration and manufacturing method of 
the base in this invention. 

Figure 2 illustrates the relation between the capacitor 
formed between the TL and the gate electrode and the capacitor 
formed between the TL and the substrate. 

Figure 3 illustrates another application example of this 

invention . 
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Figure 4 presents a group of longitudinal cross-sectional 
views illustrating an application example of a MISFET with a base 
configuration with a number of elements formed on a single 
substrate- 

Figure 5 shows the relation between the temperature of the 
base and the time needed for injection of charge from the 
substrate into TL. 



22 



(1 )(2)(3) 

I I ( 



r 



n 



(6) 



(5) (O 
J— J, 



(7) (8) 



(7)(9) 00) 



(U) (13)(11)(12)(2)(3) 





(1)02X8)035 



(8) 



«. (A) 



(B) 



j. (C) 



F-iiW^-i (D > 



(E) 



( 1 ) 05X16X17) (20) 




(F) 



(15X16X17X19)08) 




(G) 



(U) (7)(1 X12X12X8) (13) 



Figure 1. 



(9) 



09) 06) 
\ C | O W— (8) 

^HHH p 



(7) 



(A) 




Figure 2. 



24 



(7 ) (9)C2SX2X3X2C&(8)<2a 

LLLLi u 



(9) (10) (21) 



(7) CSX 2 X 3X12X 8 X22X23X24 



E3- 



(29^5X16X17X18) (13) 
-Mi 




(A) 



(B) 



(C) 



(0) 



Figure 3 



25 




(15)%6)07) (18) ^Doti 




Qi Q» 



Figure 4 . 




Figure 5. 



